Abstract. To obtain the best appropriate method and optimum extraction conditions of total alkaloids from Zizyphi spinosi semen (ZSS), the conditions of reflux extraction were optimized by single factor experiment and orthogonal design respectively. the experiment results were as follows: 20% acetic acid resolved in ethanol as extracting solvent ( EtOH : HAc = 80 : 20 (v/v) ), ratio of liquid to solid = 20 : 1 (ml/g), 4.0 h, 70 ˚C, and these conditions were optimum conditions after validation of experiment. The total alkaloids of ZSS extracted by this method could provide a powerful guarantee for studying ingredients and activities of alkaloids in ZSS.
Introduction
Zizyphi spinosi semen (ZSS) both belongs to food and medicine as one of a Chinese medicine, is the seed of Zizyphus jujuba Mill. Var. spinosa (Bunge) Hu ex H. F. Chou (Rhamnaceae). As a Chinese medicine, ZSS has a long history, it has been mainly used for curing the insomnia, palpitation and dreaminess, Tixu and hyperhidrosis, impairment of body fluids and thirst, and so on [1] . ZSS is produced at the mountain area in the north of China, such as HeBei, ShanXi, ShanDong, ShanXi, Liaoning, HeNan, Inner Mongolia [2] . So far, currnet reports mainly foucs on the function of alkaloids about sedative and hypnotic effect of ZSS [3] [4] [5] . In addition, Wei Qiao et al. study on the fuction of Anticonvulsive effect [6] and antidepressant effect of ZSS [7] . The results of his study show that compared the group of 20 mg/kg cyclopeptide alkaloids, the group of 50、100 mg/kg total alkaloids of ZSS could lead to the death time and seizure time of mice were significantly prolonged. As the conclusion, it means alkaloids of ZSS act out the statistical significance that contain anti convulsion effect [6] , the total alkaloids of ZSS could shorten the immobileity time of mouse tail related to the different kind agent with different dosage, and confront mice body temperature deline due to reserpine effectively, blank experiments in each group between the spontaneous activity of the mice without significant difference also shows that alkaloids of ZSS, in a certain degree, it has the effect of anti depression [7] . The mainly methods to extract the total alkaloids are solvent method, infiltration percolation film evaporation continuous extraction, supercritical fluid extraction, ultrasonic assisted extraction, membrane extraction, microwave assisted extraction and so on [8] . The most common one is solvent method, and the efficiency of this method is ralted to the solvent dosage, raw material grinding degree, operating conditions (including temperature, stirring, etc.) closely. Depend on the different character of alkaloids, the solvent extraction could be divided into four types: pure water, acid water-organic solvent (0.5~1.0% acetic acid, hydrochloric acid as solvent), alcohol or alkaline organic solvent. Total alkaloids from securinine, anabasine [9] or nuciferine [10] were extracted by using water as solvent. Alkaloids in Bat Ge crude existing as unstable salt or dissociative alkali were obtained by acid water -organic solvent extraction [11] . Total alkaloids from Wu Zhuyu were extracted by using 70% methanol reflux extraction 24h [12] . Alkalized chloroform is the best for alkaloids from Yan Husuo [13] . Current research shows that, ZSS contains two main kinds of alkaloids, namely aporphine alkaloids and cyclopeptide alkaloids [14] [15] [16] [17] [18] [19] [20] . Besides,one of cyclopeptide alkaloids--sanjoinine A has the function as physiological activity [16] . In recent years, with the in-depth study on active components of semen ziziphi spinosae alkaloid, its function have been achieved more and more attention, so we need to find an effective method of ZSS alkaloid extraction that is the basis for the subsequent researches on it. This research foucs on the extraction process of ZSS alkaloid in order to get an simple and effciency method. Because of no standards of ZSS alkaloids right, The total alkaloids had been extraced from 50 g defatted ZSS powder when using spectrophotometry in each improved experiment to make the results of the experiment could be compared. Then, calculate the mass of extractions from ZSS per gram. After that, those extractions from every 2 grams of ZSS raw materials was detected by the spectrophotometry to get total amount of alkaloid. At the end, if the light absorption value from aqueous phase of the sample is less and less and from chloroform phase of the sample is more and more that means the content of alkaloids in the extracts was much more. As the result the optimal extraction method can be determined. Bromocresol green solution: weigheing 15mg bromocresol green accurately, adding pH4.5 phthalate buffer solution until 500 ml.
Materials and Methods

Experimental
② Preparation of sample solution
Taking an extractive from one extracting experiment as example: first weighing extract total quality, according to the total quality of extract and the use ratio of raw material quality ZSS calculated corresponding to every 2 g of ZSS extract quality. Firstly measuring the total quality of extractions, according to the ratio of total quality and raw material quality of ZSS, calculating the extraction quality from each 2 g ZSS; weighting the extractions quality from 2 g raw material of ZSS, and dissolved in chloroform. During this process, adding a bit of ammonia to cacelerate the dissolution process. At the end, adding chloroform until 25 ml. (3) Determination of total alkaloids ① Liquid extraction Taking the same solution three times separately as 0.50 ml, 1 ml, 2 ml 20 ml to the centrifuge tube, and adding chloroform solution until 5.00 ml, then adding 5 ml bromocresol green solution, shaking well and puting into 30 ˚C water bath for 5 min, and 1000 rpm speed centrifuge for 5 min. ② Determination of total alkaloid in aqueous phase The aqueous phase (upper phase) of each centrifugal tube was transferred into a plug scale test tube by a straw. Additionally, the potassium hydroxide buffer solution was used as the blank, and the absorbance was measured at 616 nm and recorded the value A. ③ Determination of total alkaloids in chloroform solution The chloroform phase (under phase) in centrifugal tube was put into another a plug scale test tube with 2 g of anhydrous sodium sulfate, shaking and then keeping staying for 1 hour. Moreover, using chloroform as blank, measuring the absorbance under 416 nm and recording value A.
The extraction method of total alkaloids of ZSS 2) The single factor optimal experiment of total alkaloids extraction conditions from ZSS ① Optimization of extraction solvent Firstly, putting 50 g skim powder from ZSS to 1000 ml three flasks, and adding the 1000 ml different extraction agents to flasks (respectively: 5% glacial acetic acid water solution, 5% glacial acetic acid ethanol solution, 5% ammonia solution) until the liquid to solid ratio was 20:1 (ml:g). Secondly, the three flasks were put in a constant temperature heating magnetic stirrer keeping the same speed at 60 °C for 6 hours. Thridly, extracting solution would be centrifugal under 4000 rpm for 10 min. After that, in order to compared the different effect of different extraction solvent, the centrifugal supernatant was concentrated by a rotary evaporator, and when the liquid volume was less transfer to the 100 ml flask with a plug conical to evaporate until totally dry. Finally, move to the vacuum drying apparatus to dry for 2 or 3 days. ② Optimization of acid in extraction solvent Similarity, the process is same as ①, this step focus on adding different acid (Respectively: glacial acetic acid, hydrochloric acid, sulfuric acid) to extraction solvent to get the better extraction effect. Besides, the extraction solvent was ethanol as well, and the other conditions were same as ①. (3) Orthogonal test conditions for extracting total alkaloids of ZSS The total alkaloids extraction of ZSS have been effected by 8 factors: extraction method, the granularity of raw materials, solvents, extraction times and solvent concentration, solid-liquid ratio, extraction temperature, extraction time and the eight factors. In this research, extraction method, the size of raw material, solvent type, extraction times, these four factors have been chose. Using granularity of raw material which go through 40-50 mesh and glacial acetic acid ethanol solution as extracting agent, the orthogonal optimization was carried out on four factors: solvent concentration, solid-liquid ratio, extraction temperature and extraction time by refluxing extraction. These four factors and level results as shown in Table 1 (4) Verification of optimal extraction conditions According to the results of single factor experiment and orthogonal experiment, the optimal extraction conditions are verified by experiments to make sure this conditions if is the real best extraction way for this reaserch.
Results and Discussion
The results and discussion of optimization extraction conditions of single factor experimen Optimization of extraction solvent Figure 2 is the result of the optimization of the extraction solvent, from the graph (a) can be seen that the ethanol extract in the aqueous phase of the lowest absorbance value, the highest water extract, chloroform extract in the middle. Figure 2 is the result of the optimization of the extraction solvent. Moreover, from the graph (a) can be seen that the ethanol extract of the aqueous phase is lowest absorbance value, the highest is water extract, chloroform extract is in the middle. From the graph (b), ethanol extract in chloroform phase is the highest absorbance value, the lowest is water extract, chloroform extract is in the middle. previous principle of analysis method, the lower the absorbance of the aqueous phase, the higher the value of the content of alkaloids in the extract, which means the higher the content of alkaloids in the extract. Therefore, the content of alkaloids in ethanol extract was the highest, the next was chloroform, and the content of water extract was the lowest. On the other side, from the results of extraction rate (Figure 2: (c) ) showed as , extraction rate from high to low in order is water >ethanol>chloroform. Although, the extract of water is the most, but the content of alkaloid is the lowest, and the impurities are more, and the extraction rate is lowest. Besides, solvents are toxic. Finally, considered abll above factors, ethanol have been chose as the extraction solvent.
Optimization of acid in solvent extraction Figure 3 is the result of the optimization of the acid in the solvent. From the graph (a) can be seen that the extract of sulfuric acid in the aqueous phase is the lowest absorbance value, the highest is hydrochloric acid extract, acetic acid extract is in the middle. From the graph (b), acetic acid extractin chloroform phase is the highest absorbance value, the lowest is hydrochloric acid extract, sulfuric acid is in the middle. Therefore, it can be judged that the content of alkaloid in the extract of acetic acid is the highest, and the second is the lowest, and the content of alkaloid in the extract is the lowest. Therefore, the content of alkaloids in adding acetic acid extract was the highest, the next is adding sulfuric acid, and the content of adding hydrochloric acid extract was the lowest. On the other hand, it can be seen from Figure (c) , the extraction rate from high to low in order is sulfuric acid >hydrochloric acid> acetic acid. Although, the extract of water is the lowest, but the content of alkaloid is the most, and the impurities are less, and effiency is high. While, the effiency of adding sulfuric acid is really high, but there are impurities as well. So, acetic acid have been chose as the solvent for extraction. The results and discussion of optimization extraction conditions of orthogonal tests Extraction rate As table 2 showed, according to the value of range (R) we can see that the efficacy of ZSS alkaloids have been influenced by four factors from high to low in order are solid ratio>extraction temperature>extraction time>ethanol concentration. In summary, the combination of optimal factors are: 95% ethanol in solid:liquid equal 10:1 solution under 70 °C for 8 h Result of Determination content of extract alkaloids in orthogonal experiment From table 3 it could be seen that the results of the 3 different sampling volume phase. According to the value of range (R), the efficacy of ZSS alkaloids have been influenced by four factors from high to low in order are solid to liquid ratio > ethanol concentration > extraction time>extraction temperature. In summary, the combination of optimal factors are 80% ethanol in solid ： liquid equal 20:1 solution under 80 °C for 4 h From table 4 it could be seen that the results of the 3 different sampling volume chloroform phase. According to the value of range (R), the efficacy of ZSS alkaloids have been influenced by four factors from high to low in order are extraction temperature > solid to liquid ratio > ethanol concentration > extraction time. In summary, the combination of optimal factors are 80% ethanol in solid : liquid equal 20:1 solution under 60 °C for 4 h.
In conclution, the highese extraction rate of optimum condition is 80% ethanol in solid : liquid equal 10: Followed the best condition from the orthogonal experiment (20% acetic acid ethanol in solid : liquid equal 20:1 solution under 60 °C for 4 h) as verification experiment, determination results of the extracts are shown in Table 5 , which can be seen by the result that the extraction of the alkaloid content in the condition is higher than that of the orthogonal experiment. Therefore, the conditions above cloud be determined as the optimal extraction conditions.
Conclusion
The total alkaloids of ZSS was measured by spectrophotometric. Inadditionally, extraction solvent and acid solvent extraction, extraction time, extraction temperature, liquid to solid ratio and solvent concentration were optimized through the single factor experiment and orthogonal experiment. Finally getting the optimal reflux extraction conditions of total alkaloids of ZSS is: Using ethanol as solvent, with acetic acid as assistant extraction, 20% acetic acid ethanol in solid : liquid equal 20:1 solution under 60 °C for 4 h is the best extraction conditions
